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mmmMmtmm v- y > : Jx?mmmt #a 

&^&^EBffij£fc&oT^£¥&f*§2iS. 10 

tmm b y y ^ ?mmmt. m&vmxmmtm 
at, 

USA LxmtmAimz&fct&im t . 
mmmiizmvfmz'&K mm^mmn^ 30 
< t ^-tstztti&mmt-tzxmt . 
m?x9*m^xmm\m*x. WMwm 

[f££Jl4] ms&TyJxyW-IHzX^X. 7 

- v%w&mmi,zm^&Wi2ff>Ty4 a > v-?-?* 

mzm^h^2<r>ry^ x v zBm-hmm 
3 izmmn^ftm.(vgmm:. 

Mfk-t&jimz mw}£mfr$M?mft®>ptzmA t . 

?h-?x?£Bl8.thxnt. 

m^ztmfrbmmzmmzmt&n^mmwz 50 
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SA LTSiRSAMJS^Jfct&Xgi: . 

m?x9<r>wmu®*m^x. mmmmAmmm^t 
w.mizm&-rixmt *&ti¥m#8i&<r>$mmi. 

sSA LilffigASB^J&fct SXgfc . 

m.-?x?zm^x. T74x>v^-?*w&mwmz 
Btiit&xmt. 

ixmt. 

wm&itLKTyj x vhv-? izm^xmtti&m 
mmvuzfmtixnt z-sts^mmkmmm?} 
». 

[f£*«8] mm&\tLtzTy4X>Y-?-9£%: 

ovt y- vmmmm.i.zm^hw. 2<7rryA*vv 
v- 7 tBfcthmm. 7 izMmmmmiWcowzj} 
m. 

by>itx?cvmm%fottfim^t%z>£oiz. m 
&hy>i;x?$:wm.^&mim m^sn^itdMz 

mhyyisxfemmxfotwimmmtz&i; dtc 
& si h y v vx 9 i&mt&mm 1 ^8 coi ^-nvt>* 
izMfficr)*mmiE(7)mg.m;. 

im^mil] BUlE7C^t LX . Ni, Co, Rd, 
Pt. Pe. Cu, Ag, Au, In. Sn. P, A 
s. Sb<7)3*><^&<fck-«8£fflU6ii^lJ'> 

m$mi2} B!fiB7cs«o#Ajie5rixio i8 a t 

oms/c m 3 — 1 X 1 0 20 a t oras/cm 3 (0Htf 
[000 1 ] 
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9 (tft) m^tz^m^mmm^mmmizm 

[0002] 

[t&iw&ffi] ±.mi*mmt bra. tftsth* 
<Dtf-wt3X'h& . mmtoi' y 3 >*m#t lx 

m/Hi'V?* (a-Si ) ¥*Sft*^&£i ) cOk. t£ 10 
[0003] gNM is 'J 3 ^^ftt±ftS!iaj£#ffi < . 
tt^MSfc^Sxy^^N^t^^T**. 

-ts >- y a t f Ttotmjm&tttf 

ttkUOL ^ISaHti^y. WSa^yny. 20 

h . ^-h-^ISftttStrt-SiiR*^^ 'J 3 

[0004] ( 1 ) ARI5f^BK£3r*-SK£££ft 

( 2 ) INMto¥«WR»iKML-C£# . f-**> 

( 3 ) ?HMfc*MMi«**ltLT&* . JRsx*;Mf- 
5:UDxl.^ttJ:0»n1ift$r*-t*-L^*ffi 30 

la>l&#£>, ( i ) co*ftT'ti. maM.hnn\z^ 

fcaWSlBJJWC**. 4fc«RjUE* , 6 0 0mJik 

[ooo5]^. ( 2 ) ©strew. *m/cmw 

-^Wtck 6 k . T-*c7)BBJtffi«*vh? < 

[0006] (3>o*tai, <i>atM2>tfDass 

kitSrf S k *SiSfc*H&C# & k n 5 «£*«*4 *\ 
ISiftflllcBL 6 0 OT^OS&^TS+QISI&bfc s 

fflkx^-7yhc0|6j±k£#;t6k, MSBK^T 50 
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£mm£mm-z>!&mi) i f>&. < 3 > 

y rtawft h 5 vTmat ixm 

a. 

[0007] *^-C\ UScoi 3 4«**Pi]»S*£T 

tmt&fi:*). Jhffiw ( 3 ) wirmzfflLx. gakittz 

Wit&Wl*&;fc'0*4 (1MFP5-2 18 156) . 
£««**8*:J:&*£fctt. t£Ati&o&fc LTN i 

^sh^aice* fc****' y 3 ^KtaiA-r s - k 

ktf^SWKlSLkSfu fch.=5r*»ofc J: 3& 5 

8 O-CJaTtfOiSSfcfcv vc 4 m8»K^ftH!a7+»«r 

l±&^*\ ^It^aTC^Sr^k Lfc£A8E%&P5W 

[0008] tt^ znm&m£.£i>*&uz^ mm 
o^««wt5F«ft4«7aif - k c j 

y y a ymtniUBi' y 3 yjgk - k *«ns 

k*4. S«!ia^^$^k. H1R 

c « 7 r7 ;«fta5r»4ssk to c#t«* s v *ua« 

^ B a B *^fi*(6]t?»oT®tXTfc t ). ^«^*[pI(C 

355rfijffl L-TTFTWf t */N3& i k <fc 

•9 . ©tttg^T F TtfUSnTfigk «r* . 
[0009] -e<0|g, H6fc*LfcJ:^*9T5^«* 
flK6 0 2fcttLT. y-X«W6 04. f-v^l^WI6 

0 5fcit^ KM >S«6 0 65rffiSi-^i k J: 0 . 

"V y nfimtzitmb msamwi t tfrn-ufo t 
=5:0. ^vrnmrtmzm&miim&L^^ 
mm.TPTtf$mx'%&. H7fc*Lfci3K:7 

T5/Hfifi»7 0 2(c»L'C; V-X««7 04, f-r 
^;l^«7 0 5&£tf KM >««7 0 6 SrffiStS^ 
k fcJ: 0 . K W >iiaK>«im>MWt^)ttff«»« 

}tttZ»TFT1iH&mk&h. a±M'<fzXdlz 
2 1 8 1 5 6TieK$*lTV»4a»£JBV>4 

k. attflgTFT*^f,it^±(c«/f^--XtJ£t/i 
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5 

t f t £ m-mL±.xft owrz z t hsimvhz . 

[00 101 



i&tytfM&Lx ottzmm] ±taw#P5-2 1 8 *§src*-?T. msmyyisxtnBimmK n. 

ill. J: 3 ^rJg-CT F TJtJBbE Lfc*£» WmZMff** [0016] *%BH«^«^g<oiSSS&J±. Jfcgtt 
#fl3WB*S*i*. 10 f&<7)±iz. ^HIV3MMM^^»j»£-*-*7aR& 

[ o o 1 1 1 sfcfc. k#a®* { v-x • k m m^miif^ u r^w * 

TV^V^«Clfc^Ta<x-yf-y^3tLTL^VK tA fflvvtl^#tt§!£x.y?-y : /u i£®K^A«HfcO£ 

[oo 1 2] sn. 7f-7;w«^fi^*si{cfijfflLT# m#mizBf8.-?&xnt. mry-i *v\>-?-?\,zm? 

&<n&\^vT*%uz\t.}&m£itomhTm<m 20 ^x. w^^mmmmz^m-thJMh^ts^ 

xmmzftLx. ^fc&nmmmeo-vxtTvj* x\ zvztizj: vimsmmitLZtiz. 

>h%. m£^ztmi-&icm(mA'*f->iz*ti [0017] zem&mnzti^x. tmryHxyh 

xmmzfto<mti i s>&. ztitxzwxfTyjx 7-^(^>t. y-vwmmmizm^h&w 

ybii. W^^Mm^hiiM<mX^}iimXUt Ty4*>h-?-<7£Bm-Z>£ol,zVXi>£\,\ t 

cnm$%$&£m t )izffZ:htLX^&t:*b. wm&Ty mi-?x?*m^x. y-vwmmmnzm^h 

■ityvtmrnx-^ mmmzitm^x^-bry^ m2<?>Ty4 x>h-?—?ZBiSLLx%>£^. 

t>^5Tflg-cj>ot. [0018] *wm^mm<r)Wk-m£\± . mm 

[0013] z<?>£ o zmumvmmm ««<o±tc. xit. mmco$m±.izBf8.Ltzimm>± 

^ngitm±X'$&^mmt5Xvz<7)W£iim 30 BKo±fc. ^^ B ®^*jsco*s B ^t2:B&ft-ti.7egSr 

hT?4*> hMzMmmztmimwrtsm-xm , ir?x?iffla^f£^£Sircwfci£*hF B 

sews ztmz. n^temMmxLxmwgAffim-Bm-him 

[0014] t . iS^^fcJffiajiaBISrffVK f&tW^ttSt?) 

IRi^ASn. ^ISfflS^* 1 . m&teihimi 0 ttt fcffl^l.^2£OT5'f XV hv-?£Pi¥S{fc§|l;:JBj£ 

ztix \.^imftm.x'h-> x . mrnxmat wm m&>±sz . x«i, ffls<o^Bs±(c^is Ltzimm>±. 
mvyyvxtmmmttfm&htc^mmfSLt* fc. iM^^ng^^-rsxst. ^ais^f*: 

[0015] ttwvmmmt. mmg&<?)± msmizmt&'gtmmwzmxi. r5>r ^ 

mz&&®mK mmgiMm <o i>m< . m^i^m^zmxLimmxmmB^ttxnt . 

n^f¥fm&&it£m&i-&jmtmimizmxzti 50 ioaE^Hc^ttRKa^ff^. a^ B B B s^#«cjg^=5r 



7 

. tot t izx *)±mmim&LZtih . 

[0020] ZVWkMUzti^Z. msmtEitLtzT 

va*v y?-9 izmrs^x y- hm&mmmizm* 
im 2 <rrr y 4 * y v zb&lx *> x v\ 

r 0 0 2 1 ] ^HJJto^fifcJIMcOgjS^ttJ^T 
[ 0 0 2 2 ] *f&^^f^SWSB£#££:fc 

WtJi. mSjiMblX. Ni, Co. Pd. Pt. F 
e. Cu, Ag, Au, In, Sn, P. As. Sb(0 

^Xlt. B51E7C*cDSAi©K£ 1 x 1 0 18 atoms/ 
cm 3 — 1 X 1 0 2 °at oms/cm 3 C9iafc-3-£<75#\i: 

[0025] 

[ftffi] ^SKHtcfcoTJi. ^Mt^*!i.? B ft£J»*-t 

-57c*^7)S^^AS«i: t f T<m^mmb t>% 
ztuzx*)^ &m.mm%7m<m 

a^HgtSr*. gtiRSASBgfcTFT^&SM 

t#fi&£>-3\ a-?. %&¥ B mL<m&m:m&nmiz 
nat^-a. iiitcio. tftwkw ys^sgajr 

x%&. 

[0026] *3tWmklzh~,Xli. *IAfl:£lft£-tS 

Tmzmimiz^mtomzmAL. *o. r^-xvh 
x. *mw§£vx?Ty4 *yh<>mmb%&T74 

TB&^bcOT 94X>h JiEWtctf 3 £ b i^b 

[0027] ttz. xmmmiz&^xte. y^y^m 

t&><r>Ty4 *yh-?—9\^ VX^OPlPSBtCg-^ 
htztb<7>Ty4X y tf?mftl&±X'm<mttb 

m-x-h-yxmwti^m^^ui. *x*;wMi 
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[0028] ttz. ^mvr&izhixii. *mtmco 

BtfMX&fidZblzX'iX. mffl0&£&&F%X& 
7 * V <J V ?y 7 4 -TMX'cr>*- V T y A * y Yt^i 

[0029] m^wm^ 

$M<»®33ift bWKh yy'J^m^n^b ifWk 
Tfffc J: 3 KM®. hyy=Jx? SrffiS L£*§£fc 

mm&TFTtfm&xzz. tti, m&¥m&i& 

cOfefB&^jfcftfr |&| bWUkhyyisX? <mmtifo b & 

io wummb izmm hyyisx? zmw. 
[0030] 4fc, *n%trffit*)oT{i. m&mb 

LT. Ni. Co. Pd. Pt. Fe. Cu. Ag. A 
u. In. Sn. P. As. S b<7) 5 b t>— 

[ 0 0 3 1 ] ifc. ^f&Bfcfrffit&oTli. buEtc««0 
20 ^AjiS5rlxlO l8 atoms/cm3~lxl0 2 " 
atoms/cm3(7)Stt^tli, 7f5;«S 

A tff oTF T!m^^<OSH*^T# hb^o *X 
[0032] 

[0033] dut^ii i ) m i a. *muzfrfr&*m 

tfrt?) ^< b bHK^^ttMWl o 2 1 

s#fer B ffim o 2 j o . itsk'Rxm 
i^m^^itm^hjmti^&iKmizmx^ti^msi 

^Affl^l 0 1 (yy-y^^) Zit&ZblzX 
DH^nrv^. =5:fc. £iJg B B H ®J(gl0 2?)fflli. 7f 
5;i«fiW*fi*B»l 0 3 b%->X^h. 
[0034] ^jSS{a«10 2S:ffl^TTFT 

40 im&ztii t f T^g«« i o 4 n. tmmxm® 

1 0 1 fcfi^^=5r^ES«ljSt^-5T^&. 
[003 5] ZCOXoZm&bLKW&lZlt. TFTf^ 
1 0 4 £ jfcftJga* 1 0 3 *<-a&l!K05 T F T 

[0036] ^t>. *mmc\±^imzw&.<7i$m 

50 v\ 
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[0037] (51^2 ) 02fi, T&tm&ffrhim 

*tfrf) <o±fc, fc 2 0 2b 

li, WSmtm 20 2J:D&#K, #>o, ^TO 
SA««2 0 1 ( 7f7;HSft) SitS-I fc fcJ: 

»m&mvo*. tea. $>&3ffi&20 2<nmt. 5f 

9;l'ft£0»K&JeS2O3fc&oT»&. 10 
[00 38] KIHSfl««2 0 2tfflV»TTFT 

2 0 1 fcKTFTftfi£iig2 04 fcjWMrM* , 

5x5;^^o^ssga52 o 3 j: o i,rtmti;aL?tffl 
[0039] £<®j:?^A£U3tefctt. tft# 

g«[«2O4£«j^2O3#«i«JI>,rfc0fcS:<, J: 
oTTFTc7)f^fi[H^EerS^fc^Uc. iS^t&g 
TFT^>. ^"7itOA^V^TFT^. ^-XfcJE 
tTft^&^fc>SHreEi5:£. 20 
[ 0 0 4 0 ] 5r*3 , :*^0»T{i^f*K£g«<7)fliI) 

»B&±fcWalftlMfc»* LTRIt* i a fc LT i> X 

v». £<0£fcJi, WT^#HSSWtfc^Tt>|S|«'CS> 
S. 

[0041] (HJS^3 ) 03»i, *3fcHJ!fc&&¥gft 

■?TI.m<mW£frd . 03 (a) izi^fld 

fc, mm®.. miK/fyxmfccvmzMm. 30 

mS±{zK~xa-hMi3 0 1 fc LT^BHt^yny?- 

^/n--/ ? u yymwzm^xm £ 1 0 0 n mggjjis? 

,!£>'<-X3-Mt3 0lcD#gKJ5«, 
«fc@fc i oTM& "9 , +#fc¥fiT', Ri-f- h L> >7 

[0042] &fc, 03(b) fcSrf J: 0 fc, 

- his 3 o i <o±fc, futrattmroj£JH£ (cvd 40 

0 2^100nmgg^)f$^g$t5. 
[0 04 3] &fc, 03(c) fc^-fj: 5fc, ^AK' 
'Jny§|302±fc, iO^'JayftOl&ftfciWS-t 
&TCX£»Wfc*AU T5-Mybv-?£ 

Mfrti^tMfflnat^^&vx^ 303 fczfcfcy 

U3y*tffl^T3BRf-6. .KOfc#', VX^303£O 
ERDWi. S3S B B Bfl:^l»^-rS7cSSrSS?«fc^A-rs 

aft*A*wi 3 o 4 1 mm- h r ? 4 x y v 

JCT£fcX>O^3O5£0±£!lfc&tiJ:dfc-*-6. 50 
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1 0 

[0 044 ]&fc, 03 (d) fcijetipfc. 

x\ mams. tj^9. ^x^jh. mmma 

£<7ym& JtovZft&Rzs V 3 y§|3 0 2 4<fcSte H 1r(t 
IK&3 0 4 fc&#3 0 5 fc fcWa^-i^flJti/ 'J a ym 

3 0 2gs^fc. m&gMmmhjm<nwM\®&3 

0 6, 3 0 7#ft£3;h.&. 
[0045] &fc, ^^ttSTa£K^»MRW»r& 
fc , S^A^«3 0 6, 307 Ct5HT4fl«M# 

zbtzMaxmikWfhk. a 3 (e) fct>^ 

T 3 0 8fc*WCS l/fc J: 3 fc, «HPAfiK3 0 6 , 3 

zmMLimtx-in < . +^fcj«s^*T^t, a 

3(f) fc^-Tidfc, MR^i«fcitL«IB^Fff^|fli 

tl«ftfl^Lft*«iftflSW3 1 0 fc , *SJhJ£* 

SBfc*oT^ISiaftiB«3 1 OkHsRLTiOSftftSJft 

»^g H E Mfc^I!jfi-ti.7t*tOSSJ±, m®3 0 9*U x 
10 19 — 1X1 0 2 » atom s/cm3gjg v ^3 1 
0inxl0 18 atoms/cm3gEtJ)5. 
[0046] &fc, M*tf?Ui*rn£, 03(g) fcScf 
J: d fc K 5 4 x -y f - y ^fc J; i? |g faib U: 'J 3 y ft 3 
0 2^x-y^-y^$rfi : o. Cicox yf-y^fcioT, ^ 

•j 3VI83 o 2co^^a«^3 o A-mr?* * V h 
v-^^fi£^S^coaJ^3 o 5\,zm-thuwm 

^>-'J3yK3 0 2fcT7^^yh-7-^A^ 
«Affl-?^ 9 3 0 3 £ 7 r -X h -?X 9 fc f & ^ fc ^'T' 

^sswfcfc^T«, mmiM-?*? 3 o 
3*m^x(r>x./i->y*m.i'V ^>m.3 o 2 5-^fc 

[0047] #fc, 03 (h) fc^-Tiofc, SSS?^ 
Afflux? 3 03^1X0^, ^'j3yM3 0 2<7)± 
fc, ftfcfl^fcT^-My^-^Afc/JHvc, ^ 

u 3 y(i 3 o 2 «ostt^hst^, y- 

X^T5^^yhfcffl^-S»T7>f^yhv-^^{£^ 
ta6tou^xhA^-y3 1 l^r^-r^.. 
[0048] #fc, 03 ( i ) fc^-Tiofc, x-y^-y 
^Irff oT ftK^i' U 3 y^ 3 0 2 fc y- hW®&&fm. 
&<r>^X9Tv4 X>VI,zm\,\hTy4 X>Y-?~9 3 

i2$rm-rs. c:wfc#, s«^>-';nyK30 2 

li, 03 ( h ) &Uf03 ( i ) fc^UrJ: 3fc, Kfcx 
•y^y^$flT^S®«, J&&j£J^<7)jx3l^?>li 
<- ifW 3 0 9 &tf , tSa^cOjiff LT U^rl ^£ jgtf 

xmfoth. *mmmtzt5^xte. Tvitw-? 

-931 2JT7^yh7-?A5fflV>tMLt^ 
SS?SAffl^?X^3 0 3W^-y£ffl^T^j£ 
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1 1 

03 (k) iz^txdiz. TFTny-hmm 

14£jgj£-fS. 

[ o o 5 o ] .truest. a«±^rj: o 'J y ttt 

mwo^coimymsi 5£. 03 ( I ) ic*tJ;3 

y-bm®3i4S:vx^tLTa^^wt. 

*tftL£>''J3yJS302tf>3'-'--hSli3 14fc*5r£> 10 

=stv^ast»A't*.- m*cr>mm 1 6 a. ?c*3 1 5 

fWAfcjTC n£XlipS*>ttR£.fc y 3 >n 

[0051]*t, 03 (m) (DTti^C *&<7>± 
*M£#£Jil3SS*iK3 1 7T»\ 03 ( n ) fcjjc*- 
XolZ. TFT<OV-X- FM>***>Jd5r*>J|IBIft 
SK3 1 7tcHii?L3 1 8»R(t&. 

[0052] fi&fc. 03 (o) £*cf J:3(c. ttlU 
?L3 1 8£HttimLTMeitR3 1 7©±fcV-* 20 

■ FW:4M3 19£JBftl/?TFT«qi9£*-6. 
[0053] UttfoT. *%HfM££lY?tt. 
AS«c 3 04 e&ffifix. y f - y^tc J: "3 KfeSSitl. <n 

AfHB3 0 4 £#£fr& 3:33. TFTtS 

wmxmm o 4 i**®^*^* 3 fc**itr. x v 

SttWAffiM 3 0 4 C9T F T»fi«*x -y f-y ^tfl 

tr» mvmxmm304<oTy^ ;<yh-?-93i 21a 

aMMi»ork»Tfc$P«rvn 30 
[0054] T5-<^ybv-^ASrffiffl-rsc: 

s. 

[0 0 5 5] mz^ Ty* Aizm-i^xr 
y4*yh-?—7 312£Bf8.L. Z<r>T7J 
-?3 1 2fcg^vCTFTjWgj££il£tf>T\ TFT 

[0056] (5dtM4 ) 04l±, *3Hfc:ff*¥*IHc 

sg«g3t*ffi^ffiioniSBHi-&*i-ie0T*i)i.. 1a 

T. 0£Uc#oTIgtf>§iBH£?T9. *r» 04 40 

ffi^acm^, *^>aa(Lht:'<-^3-hH4 o 1 1 lt 

ZMft^l/a^x^-y^U y^^at*JBv>TWS 1 0 

OnmgJKJta^^rS. ^<O^-X3-hM4 0 ICO* 

t\ R^i-hovj±4*ym<?>^fm&izjm®£5- 
x.hA* yow&m* «e*>*u£. ^mth zti> 
"fffix-h*). mzm&&m#. vmanmL»t>e> 

[00 57]%C. H4 (b) (2jc?J:3fc. *C-*3 50 



' ^^7-273338 
1 2 

-HB4 0 l*>±fc. M£(fft££ft£ttattg£ (cvd 
£ ) y ? y yymkm vCiNSOt^ y 3 y^4 0 

2 £ 1 0 0 n mgg COJ?£ £it»£ & . 
[0058] 04 ( c ) tij^J: 3 fc. ^fljf^ 

y 3yiS4 o 2±t=s/ y a>»otSfifl:£i»ft** jc* 

*fcX>aeHnff£$r4-&'?;i? 4 0 3 fcZBMfcS' 
mZm^XBtfL-th. Z<7)k£ . -?X?4 0 3OfflDtf 

fflt£4 o 4 . 7^4 * y hv-? &RM»-&fcK>0>tf 
ft 4 0 5 fc *>±£S*>%^ J: 3 .. 
LOO 3 ; iJctc. 04 ( d ) c^-J; 3 fc. «r<oi8£ 

.■ens: x^-y?. r^xvjgM. mmt&iti&Jim 

*Jflwc#fi»S''J ^ >«4 0 2 + KgaSiHHk*]»fi-f- 
StcS^A^. iilfciO. ±iS»»A««4 0 
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